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Conduct a one-sample z-test for the population mean, μ
Conduct a one-sample z-test for the popula7on propor7on, π
Conduct a one-sample t-test for the popula7on mean, μ
Calculate effect size (ES)







σ known & n ≥ 30
z-values







One-Sample z-Value Test for μ





Step #1: Test Set-up
Based on past studies, the average man in the United States is assumed 
to be 69 inches tall (5’9”)
μ = 69 inches 
σ, is presumed to be 3 inches
Executives at Dubiety Insurance think these parameters underestimate
the height of American men




Step #1: Test Set-up (conYnued)
Random survey of 
81 American men
Heights are measured 
with a stadiometer
5
Heights Rounded to the Nearest Quarter of an Inch
68.00 70.25 69.50 70.00 73.50 73.00 73.25 72.00 75.00
71.25 71.00 75.00 72.00 72.00 74.00 70.00 68.00 69.00
71.25 69.00 68.25 69.00 73.25 67.00 72.25 67.00 64.00
68.50 74.00 68.75 64.75 66.25 72.75 68.00 66.00 74.25
72.00 68.25 64.00 66.50 74.50 72.00 65.75 69.00 65.00
67.00 65.25 67.50 70.00 71.00 66.50 70.00 72.00 72.00
67.25 67.25 74.00 68.25 74.00 72.00 68.00 72.00 72.75
67.50 68.50 74.00 73.00 73.25 73.00 67.00 72.25 65.00





X" = 70.00 inches
n = 81 American men
μ = 69.00 inches (5’ 9”)
σ = 3 inches
6
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Based on the Research Question: 
What is the direction of this test?
Research Ques+on: Is the average 





Null & Alterna+ve Hypotheses
H0: μ ≤ 69 inches
H1: μ > 69 inches
10
H1 is the mathema7cal expression of the research ques7on
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Cri.cal Values Table: 
1.65 x
11
z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
1.5 0.4332 0.4345 0.4357 0.4370 0.4382 0.4394 0.4406 0.4418 0.4429 0.4441
1.6 0.4452 0.4463 0.4474 0.4484 0.4495 0.4505 0.4515 0.4525 0.4535 0.4545










H0: μ ≤ 69 inches




Step #5: Calculate the test sta+s+c
13
X̂ = 70.00 inches
n = 81 American men
μ = 69.00 inches















Step #5: Calculate the p-value (table)
14
Area between the Mean and z
z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
2.9 0.4981 0.4982 0.4982 0.4983 0.4984 0.4984 0.4985 0.4985 0.4986 0.4986
3.0 0.4987 0.4987 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4990
3.1 0.4990 0.4991 0.4991 0.4991 0.4992 0.4992 0.4992 0.4992 0.4993 0.4993
3.2 0.4993 0.4993 0.4994 0.4994 0.4994 0.4994 0.4994 0.4995 0.4995 0.4995
Area between the Critical Value and the Tail (p-value for a One-Tailed Test)
z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
2.9 0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014
3.0 0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0011 0.0010 0.0010
3.1 0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007
3.2 0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005
X" = 70.00 inches
n = 81 American men
μ = 69.00 inches
σ = 3 inches
z = 3.01
0.5000 – 0.4987 = 0.0013 = 0.13%
14
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Step #5: Calculate the p-value (Excel)
15
X" = 70.00 inches
n = 81 American men
μ = 69.00 inches




z = 3.009 α = 0.100 0.05 0.01
p-value: 1-tailed test = 0.0013 1 tail Reject Reject Reject 











Jacob Cohen on Sta+s+cal Power
“The power of a sta.s.cal test is the probability that 
it will yield sta.s.cally significant results. Since 
sta.s.cal significance is so earnestly sought and 
devoutly wished for by behavioral scien.sts, one 
would think that the a priori probability of its 
accomplishment would be rou.nely determined as 
well as understood. Quite surprisingly, this is not the 
case.”*
17*Jacob Cohen, Sta$s$cal Pow er Analysis for the Behavioral Sciences, Second Edi0on. (New  York: Psychology Press, 1988), p. 1.
17
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Power Calculation: Step #1
Convert the critical value of z (or t) into the same unit 
as the sample statistic 









XCV =µ+z σ n( )
XCV = 69.00+3.009 3.00 81( )= 69.548
X̂ = 70.00 inches
n = 81 American men
μ = 69.00 inches





Power Calcula+on: Step 2
Find the z-value (or t-value) between the 





















X̂ = 70.00 inches
n = 81 American men
X̂CV = 69.548 inches




Convert the z-value to a probability
The area between this value and the tail is the 
probability of a Type II Error




Finding: P(Type II) and Power
23
=NORM.DIST(6.9548,70.00,0.333,TRUE) = 0.0862
P(Type II) = 8.62%








How do we interpret StaAsAcal Power?
Under-powered tests are a serious problem
Such tests are scienXfically useless because of the high 
probability of missing important effects (Type II Errors)
The rule of thumb is that power should be at least 80%





Effect size measures the strength of the relaXonship 
between the sample staXsXc and populaXon parameter
It is important to understand Effect Size
If we reject the Null Hypothesis and the Effect Size is 
minimal, the results may lack pracXcal significance





























0.334 = Small Effect X̂ = 70.00 inches
n = 81 American men
μ = 69.00 inches






Step #6: Decide & Report
28
Reject the H0 that μ is ≤ 69”
X̂ = 70.00 inches
n = 81 American men
μ = 69.00 inches





What does the p-value of 0.13% mean?
Only a 0.13% chance the difference between 70” 
and 69” is due to random sampling error
The H0 has been nullified 




Do we have prac+cal significance?
Judgment call
Small effect size
Ques.onable whether the difference between 69 




One-Sample z-Value Test for π





Step #1: Test Set-up
U.S. Bureau of Labor StaXsXcs reports that union membership 
report hit record lows in 2019 (US Bureau of Labor StaXsXcs 
reports than union membership has fallen to 10.3%
2018, Supreme Court struck down the right of public sector unions 
to charge non-members fees for labor contract negoXaXon and 
administraXon




Step #1: 2019 Gallup Poll on Labor Union 
approval
974 of 1,522 Americans surveyed approve of labor unions 
What is the sample proporYon?
D









Step #1: Research Ques+on
Has the propor?on of 





Step #2: Select Significance Level






Step #3: State H0 & H1
Has the propor.on of Americans who approve of 
labor unions changed?
“Changed” suggests we are concerned with whether 
the approval rate has increased or decreased




Step #3: State H0 & H1




Step #4: Compose the Decision Rule
38






H0: π = 0.61




Step #5: Calculate Test Sta.s.c, p-Value, ES, Power
39
Where: p = the sample propor7on
X = number of people who gave a par7cular answer
n = number of people who responded













Power Calcula+on: Step #1
Convert the cri.cal value of z (or t) into the same unit 
as the sample sta.s.c 






































Power Calcula+on: Step 2
Find the z-value (or t-value) between the 

























Convert the z-value to a probability
The area between this value and the tail is the 
probability of a Type II Error




Finding: P(Type II) and Power
45
=NORM.DIST(0.6345,0.6400,0.0125,TRUE) = 0.3316
P(Type II) = 33.16%
Sta.s.cal Power = (100% - 33.16%) = 66.84%
45
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The difference between p and π 
is a standardized effect size











Reject H0 if z is < -1.96 or > 1.96








Do we have prac+cal significance?
Does a 3-percentage-point-gain in the approval of 
unions have prac.cal significance?
Ques.on of judgment
Likely that the union leadership will view this result 









n is < 30, or σ is unknown
51




CVs for t are more extreme than z
The difference 
between t & z 






Step #1: Test Set-Up
A medical device company conducts a test 
regarding their 24/7 phone support
Research Ques.on: Are customers wai.ng longer 
than four minutes? 







X" = 5.00 min.
s = 2.383 min.
μ = 4.00 min.
5.15 4.00 7.00 6.00 6.00 5.75
4.75 3.75 2.00 5.75 4.50 1.25
5.15 3.50 4.25 8.25 3.25 5.00
3.25 3.00 9.50 9.75 3.25 3.25
2.00 2.00 7.25 6.75 4.00 4.00
8.50 1.25 8.65 7.25 0.60 5.25
9.00 6.50 4.00 9.75 4.00 4.00
5.00 8.00 3.00 5.00 3.75 5.50
4.50 5.50 2.00 6.00 3.50 6.25
4.00 6.00 1.15 2.10 2.25 5.50
54
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Step #3 State H1 & H2
H0: μ ≤ 4.00 minutes 
H1: μ > 4.00 minutes
56
H1 is the mathema7cal expression of the research ques7on
56
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Cri.cal Values Table: 
1.671 x
57
          Confidence Level (CL)
80% 90% 95% 98% 99% 99.9%
    α  — One-Tailed Test
0.10 0.05 0.025 0.01 0.005 0.0005
    α  — Two-Tailed Test
df 0.20 0.10 0.05 0.02 0.01 0.001
58 1.296 1.672 2.002 2.392 2.663 3.466
59 1.296 1.671 2.001 2.391 2.662 3.463





Step #4: Compose Decision Rule
58
Reject H0 if t is > 1.671
α = 0.05
H0: μ ≤ 4.00 min.







Step #5: Calculate the test sta+s+c
59
X̂ = 5.00 minutes
s = 2.383
n = 60


















Student t-Distribution: p-Value Calculator
t  = 3.250 Decision Regarding the H 0
 total df = 59 α = 0.100 0.05 0.01
p-value: 1-tailed test = 0.0010 1 tail Reject Reject Reject 
p-value: 2-tailed test = 0.0019 2 tails Reject Reject Reject 
61
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          Confidence Level (CL)
80% 90% 95% 98% 99% 99.9%
    α  — One-Tailed Test
0.10 0.05 0.025 0.01 0.005 0.0005
    α  — Two-Tailed Test
df 0.20 0.10 0.05 0.02 0.01 0.001
58 1.296 1.672 2.002 2.392 2.663 3.466
59 1.296 1.671 2.001 2.391 2.662 3.463
60 1.296 1.671 2.000 2.390 2.660 3.460
3.250
Step #5: Calculate the p-value (Table)
Find the row for the appropriate degrees of 
freedom
If the calculated test sta7s7c is nega7ve, drop the 
nega7ve sign
Look at the column headers that match the 
number of tails in the test
Match the calculated t-value to those in the 
degrees of freedom row
The p-value will be between the values in the 
column header




Power Calcula+on: Step #1
Convert the cri.cal value of z (or t) into the same unit 
as the sample sta.s.c 








XCV =µ+ t s n( )
Finding: XWCV
64
X̂ = 5 minutes
n = 60
μ = 4 minutes
s = 2.383
t = 3.250
XCV = 4+3.250 2.383 60( )= 4.514
64
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Power Calcula+on: Step 2
Find the t-value between the cri+cal 













Finding: z at XWCV
66
X̂ = 5 minutes
n = 60










Convert the t-value to a probability
The area between this value and the tail is the 
probability of a Type II Error





Finding: P(Type II) and Power
68
=T.DIST((4.514-5.000)/0.3077,df,TRUE) = 0.06
P(Type II) = 6.0%
Sta.s.cal Power = (100% - 6.0%) = 94.0%
68
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X̂ = 5.00 minutes
s = 2.838 minutes
n = 6






Step #6: Decide & Report
71
Reject H0 if t is > 1.671
Reject H0
RejecYon Region
X̂ = 5.00 minutes
s = 2.838 minutes
n = 6








The effect size of 0.4196 is small
The fact that the effect is not negligible indicates that this 
test is not over-powered
The extra minute of wait Xme has pracXcal significance
Management should be concerned that the Xme callers wait 








Except where otherwise noted Clear-Sighted Sta.s.cs is licensed under
a Crea6ve Commons License. You are free to share deriva6ves of this work
for non-commercial purposes only. Please aAribute this work to Edward Volchok.
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